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(57) A method and an apparatus for recording a pic- 
ture sequence on a disk-shaped recording medium at 
least on a picture by picture basis make it possible to 
record a picture sequence in a manner that allow picture 
management and time code allocation to be realized 
accurately and reliably when editing a picture sequence 



according MPEG, for example, by utilizing techniques 
such as cutting out (or erasing) a scene, inserting a 
scene (in the proper sense of the word) without overlay- 
ing the picture sequence with a scene and/or moving 
part of the picture sequence. 
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Description 

Technical Field 

[0001] This invention relates to a method and an s 
apparatus for recording pictures, or a picture sequence 
to be more accurate, on a disk-shaped recording 
medium at least on a picture by picture basis and to a 
method and an apparatus for reproducing, if partly, the 
pictures recorded on such a disk-shaped recording 10 
medium as well as to such a recording medium. More 
particularly, the present invention relates to a novel 
technology of picture management and time code allo- 
cation to be used for recording a picture sequence on a 
disk-shaped recording medium in an editing session. 15 

Background Art 

[0002] Time codes normally used in the operation of 
recording video signals on a tape-shaped recording 20 
medium (hereinafter referred to as a tape media) are 
allocated to frames for one-to-one correspondence in 
order to make use of the intrinsic property of numbers 
as identifiers. Thus, arty particular picture frame can 
unequivocally be identified by way of the corresponding 25 
time code because this relationship is absolute on the 
tape. Additionally, the time code assigned to a picture 
frame remains invariable on the tape media if any edit- 
ing operations are conducted before and/or after the 
picture frame unless the picture frame is transferred so 
onto some other tape. Thus, it is possible to specify a 
number of combinations (events) of an in-point (editing 
in-point) and an out-point (editing out-point) and carry 
out that number of editing operations in a single editing 
session. 35 
[0003] FIG. 20 of the accompanying drawings sche- 
matically illustrates how a foreign scene is inserted into 
a picture sequence in an editing operation on a tape 
media with their time codes invariably accompanying 
the picture sequence. In FIG. 20, both (a) and (b) show 40 
respective picture sequences to be used for an editing 
operation and (c) in FIG. 20 shows a picture sequence 
obtained by inserting the picture sequence of (a) of FIG. 

20 into the picture sequence (b) of FIG. 20 in the editing 
operation. Each of the expressions "00 : 00 : 00 : 00" 45 
and "00 : 00 : 50 : 00" in FIG. 20 represents a time code 

of hour : minute : second : frame. Thus, if the picture 
sequence (a) of FIG. 20 is laid on a corresponding part 
of the picture sequence (b) of FIG. 20, the edited picture 
sequence (c) of FIG. 20 carries the same and identical so 
time codes. 

[0004] FIG. 21 shows in-points and out-points 
arranged on a tape media. More specifically, (a) in FIG. 

21 shows in-points and out-points arranged on a picture 
sequence and (b) in FIG. 21 shows a picture sequence 55 
obtained by inserting picture sequences, or foreign 
scenes, into the picture sequence of (a) in FIG. 21 
respectively by referring to the in-points and the out- 



points of (a) in FIG. 21 . It may be appreciated that a plu- 
rality of combinations (events) of an in-point and an out- 
point are arranged at a time for an editing session of 
FIG. 21. More specifically, FIG. 21 shows that a total of 
three combinations (events) of in-point IN1 and out- 
point OUT1 through in-point IN3 and out-point OUT3 
are specified and the editing operations for the first two 
combinations (event of in-point INI and out-point OUT1 
and that of in-point IN2 and out-point OUT2) have been 
executed. Again, each of the expressions "00 : 00 : 00 : 
00" and "00 : 00 : 50 : 00" in FIG. 21 represents a time 
code of hour : minute : second : frame. Thus, if a plural- 
ity of events are arranged on the picture sequence (a) of 
FIG. 21 and foreign scenes are laid on corresponding 
parts of the picture sequence (a) of FIG. 21 , the edited 
picture sequence (b) of FIG. 20 carries the same and 
identical time codes. In other words, editing operations 
can be carried out successfully because the time codes 
on the tape media remain invariable throughout any 
editing sessions. 

[0005] To summarize, the time code system of a tape 
media has the following functional features. 

(1) The picture frames and the time codes have a 
relationship of one-to-one correspondence on the 
tape media. 

(2) The relationship of (1) is maintained after any 
editing operations that may be conducted before 
and/or after a particular picture frame. 

(3) The time codes are used to identify particular 
respective picture frames in editing sessions (not 
only by the user but also inside the editing equip- 
ment). 

(4) The time codes notifies the user of the duration 
of time of picture reproduction from the head of the 
tape media (so that the remaining time that is avail- 
able for reproducing picture frames from or record- 
ing picture frames on the tape media can be 
known). 

[0006] It will be appreciated that the feature of search- 
ing out any desired particular picture frames by means 
of the time codes, or keys, allocated to the picture 
frames for one-to-one correspondence as described 
above by referring to a tape media may also be desira- 
ble for a disk-shaped medium (hereinafter referred to as 
a disk media). 

[0007] On the other hand, the disk media is randomly 
accessible and hence has the following novel features 
that are specific to the disk media and not found in the 
tape media. 

[0008] Firstly, the conventional tape media is not 
adapted to cutting out or erasing part of a bit stream of 
a picture sequence recorded on it. More specifically, it is 
not adapted to cutting out (or erasing) a particular scene 
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recorded on it and having a certain length and connect- 
ing the preceding boundary and the succeeding bound- 
ary of the cut out (or erased) particular scene. To the 
contrary, it is possible to cut out or erase part of a bit 
stream of a picture sequence recorded on a disk media. 
If such an editing operation is to be carried out on a tape 
media, a blank tape and a tape recorder have to be 
brought in place in advance. Then, all the picture 
sequence following the particular scene has to be cop- 
ied on the blank tape and copied back onto the original 
tape so as to make it directly connect with the end of the 
scene that immediately preceded the particular scene. 
It will be appreciated that this is a time consuming tedi- 
ous operation. FIG. 22 schematically illustrates how a 
particular scene is cut out from a disk media. In FIG. 22, 
(a) shows a picture sequence and the shaded area from 
00 : 00 : 00 : 00 to 00 : 00 : 05 : 00 represents the par- 
ticular scene to be cut out. In FIG. 22, (b) shows the pic- 
ture sequence obtained by cutting out the particular 
scene of (a) and connecting the preceding boundary 
and the succeeding boundary of the particular scene. 
With a disk media to be used for recording pictures, it is 
easy to cut out part of a picture sequence and connect- 
ing the front end and the rear end of the cut out part. 
[0009] Secondly, with a technique referred to insertion 
editing used for the tape media, a particular scene is not 
inserted (in the proper sense of the word) into but laid 
on the picture sequence already recorded on the tape 
media. It is in fact an operation not of "inserting" a scene 
into a picture sequence but of partly "overlaying" a pic- 
ture sequence with a scene. In the case of the disk 
media, to the contrary, it is possible to realize insertion 
editing (in the proper sense of the word) that is not an 
"overlaying" operation. In order (not to lay a scene on 
but) to insert a scene into a picture sequence already 
recorded on a tape media in an editing operation, a 
blank tape and a tape recorder have to be brought in 
place in advance as described above for cutting out a 
scene. Then, all the picture sequence that is to follow 
the particular scene to be inserted has to be copied on 
the blank tape and copied back onto the original tape 
after the particular scene is laid on the predetermined 
stretch of the tape so as to make it directly connect with 
the end of the scene that has been laid on the stretch. It 
will be appreciated that this is also a time consuming 
tedious operation. 

[001 0] Thirdly, with the disk media, it is easy to edit by 
moving part of a picture sequence because the disk 
media is adapted to cutting out part of a bit stream and 
inserting a scene (in the proper sense of the word) into 
a picture sequence without overlaying it with the scene. 
In other words, the operation of moving a particular 
scene in a picture sequence in an editing session is an 
operation of cutting out the scene from the picture 
sequence and inserting it into some other part of the 
picture sequence without overlying it with the scene. 
[001 1 ] To summarize, the disk media has the following 
functional features that are not found in the tape media. 



(A) A bit stream can be partly cut out and erased. 

(B) It is possible to realize insertion editing (in the 
proper sense of the word) without overlaying, if 
partly, the picture sequence with a scene. 

s (C) A picture sequence can be partly moved. 

[0012] On the other hand, when editing a picture 
sequence on a disk media, utilizing the time code (TC) 
system of the conventional tape media, the following 

w problems appear. 

[0013] Firstly, with a disk media where time codes are 
allocated to the picture frames, the time codes can give 
rise to a discontinuity when a bit stream thereon is partly 
cut out or erased by using the functional feature (A) 

is above. Then, if the time codes that are found after the 
cut out (or erased) particular scene are reallocated to 
properly indicate the duration of time of picture repro- 
duction from the head of the picture sequence (and 
remove the discontinuity of the time codes), the time 

20 codes will be modified after each editing operation to 
make it difficult to use them for identifying particular 
respective picture frames. If the time codes are not real- 
located after the editing session, on the other hand, 
then any particular picture frames will be identified by 

25 using the time codes allocated to them respectively but 
it is no longer possible to tell the duration of time of pic- 
ture reproduction from the head of the picture sequence 
because the time codes show discontinuity. In the case 
of the example of FIG. 22, it will be seen that the time 

30 code of 00 : 00 : 05 : 00 of (a) is modified to 00 : 00 : 45 
: 00 as indicated by (b). Ail in all, if the time code system 
of the conventional tape media is applied to the disk 
media, the time codes can take only either one of the 
two roles they play on the tape media of 

35 

(i) identifying the particular respective picture 
frames and 

(ii) telling the duration of time of picture reproduc- 
tion. 

40 

[0014] Secondly, if the functional feature of (B) is uti- 
lized on a disk media for an editing operation of insert- 
ing a scene (in the proper sense of the word) into a 
picture sequence without overlaying the latter with the 

45 scene, there arises the problem of how to deal with the 
time codes for the picture frames of the scene inserted 
in the editing operation. If, for example, all the time 
codes are reallocated from the head of the picture 
sequence after the operation of insertion editing that 

so does not overlay the picture sequence with a foreign 
scene, the time codes can recover the role of telling the 
duration of time of picture reproduction. Then, however, 
a problem will arise when a plurality of events are 
selected for an editing session as shown in FIG. 23, 

55 which illustrates how the relationship between the 
events and the time codes becomes distorted if the time 
codes are reallocated after each editing operation, 
which may be that of insertion editing or cutting out. In 
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FIG. 23, (a) shows that a total of three combinations 
(events) of in-point IN1 and out-point OUT1 through in- 
point IN3 and out-point OUT3 are selected and (b) 
shows that the editing operations for the first two combi- 
nations (event of in-point IN1 and out-point OUT1 and 5 
that of in-point IN2 and out-point OUT2) have been exe- 
cuted and the time codes have been reallocated. Note 
that, in the example of FIG. 23, the event of in-point INI 
and out-point OUT1 is used to cut out a scene and the 
event of in-point IN2 and out-point OUT2 is used to w 
insert a foreign picture sequence. Each of the expres- 
sions "00 : 00", "35 : 00" and "38 : 00" in FIG. 23 repre- 
sents a time code of hour : minute. Thus, in the example 
of FIG. 23, as a result of reallocating the time codes 
after the editing operation using the second event, the 15 
third event (in-point IN3 and out-point OUT3) indicates a 
scene different from the one to be edited. More specifi- 
cally, the time codes of in-point IN3 and out-point OUT3 
of the selected third event are respectively 35 : 00 and 
38 : 00, which define a stretch of P in (a) of FIG. 23 but 20 
the time code of in-point I N3 of the third event will be 40 
: 00 when the time codes are reallocated after the first 
two editing operations, although the time codes of in- 
point IN3 and out-point OUT3 of the selected third event 
remain 35 : 00 and 38 : 00, which will then define a 2s 
stretch that is totally different from the one selected in 
advance. Thus, while it is possible to realize insertion 
editing in the proper sense of the word on a disk media, 
the relationship between the selected events and the 
time codes will be distorted if the time codes are realio- 30 
cated from the head after each editing operation in 
order to recover the role of the disk media of telling the 
duration of time of picture reproduction. In short, any 
attempt for providing the disk media with the roles of the 
time code system of the tape media results in the 35 
necessity of reallocating the time codes after each edit- 
ing operation, which by turn can damage the functional 
features of the disk media. 

[0015] Thirdly, since the time codes and the picture 
frames of a tape media show a relationship of one-to- 40 
one correspondence, which is maintained after any edit- 
ing operations that may be conducted before and/or 
after a particular picture frame, the picture frames will 
always be reproduced in the ascending order of the time 
codes even if part of the picture sequence has been 45 
moved. With a disk media, to the contrary, while a pic- 
ture sequence can be partly moved as pointed out by in 
(C) above, the picture frames may not necessarily be 
reproduced in the ascending order of the time codes 
after moving part of the picture sequence. so 
[0016] Thus, as discussed above, when editing a pic- 
ture sequence on a disk media by simply applying the 
time code (TC) system of the conventional tape media, 
the following problems arise. 

55 

(1) The time codes show discontinuity after cutting 
out or erasing a bit stream. 



(2) There arises a problem of reallocating the time 
codes for the scene inserted by insertion editing (in 
the proper sense of the word), which is not overlay- 
ing the picture sequence, if partly, with the scene. 

(3) When a picture sequence is partly moved, the 
picture frames may not necessarily be reproduced 
in the ascending order of the time codes to give rise 
to a problem of how to handle the time codes after 
moving part of the picture sequence. 

[001 7] In view of the above circumstances, it is there- 
fore the object of the present invention to provide a 
method and an apparatus for recording a picture 
sequence on a disk-shaped recording medium and to a 
method and an apparatus for reproducing, if partly, the 
picture sequence recorded on such a disk-shaped 
recording medium as well as to a recording medium to 
be used for recording a picture sequence that allow pic- 
ture management and time code allocation to be real- 
ized accurately and reliably when editing a picture 
sequence by utilizing techniques such as cutting out (or 
erasing) a scene, inserting a scene (in the proper sense 
of the word) without overlaying the picture sequence 
with a scene and/or moving part of the picture 
sequence. 

Disclosure of the Invention 

[0018] According to an aspect of the invention, the 
above object is achieved by providing a method for 
recording a picture sequence on a disk-shaped record- 
ing medium at least on a picture by picture basis, com- 
prising steps of allocating unique numbers to the 
pictures on the disk-shaped recording medium tor one- 
to-one correspondence, providing a file of editing infor- 
mation apart from the physical addresses of the sub- 
stantive data on the disk-shaped recording medium, 
editing the picture sequence by managing the numbers 
allocated to the respective pictures for one-to-one corre- 
spondence and recording the file of editing information 
on the disk-shaped recording medium. 
[0019] According to another aspect of the invention, 
there is provided an apparatus for recording a picture 
sequence on a disk-shaped recording medium at least 
on a picture by picture basis, comprising a number allo- 
cation means for allocating unique numbers to the pic- 
tures of the disk-shaped recording medium for one-to- 
one correspondence and a file management means for 
managing a file of editing information apart from the 
physical addresses of the substantive data on the disk- 
shaped recording medium, the picture sequence being 
edited by managing the numbers allocated to the 
respective pictures for one-to-one correspondence, the 
file of editing information being recorded on the disk- 
shaped recording medium. 

[0020] According to still another aspect of the inven- 
tion, there is provided a method for reproducing a pic- 
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ture sequence recorded on a disk-shaped recording 
medium at least on a picture by picture basis, compris- 
ing steps of reading out a file of editing information from 
the disk-shaped recording medium apart from the phys- 
ical addresses of the substantive data on the disk- 
shaped recording medium and reproducing, at least 
partly, the pictures having respective unique numbers 
allocated thereto for one-to-one correspondence and 
managed by using the file of editing information on the 
basis of the file of editing information. 
[0021] According to still another aspect of the inven- 
tion, there is provided an apparatus for reproducing a 
picture sequence recorded on a disk-shaped recording 
medium at least on a picture by picture basis, compris- 
ing a file reading means for reading out a file of editing 
information from the disk-shaped recording medium 
apart from the physical addresses of the substantive 
data on the disk-shaped recording medium and a repro- 
duction control means for reproducing, at least partly, 
the pictures having respective unique numbers allo- 
cated thereto for one-to-one correspondence and man- 
aged by using the file of editing information on the basis 
of the file of editing information. 
[0022] According to a further aspect of the invention, 
there is provided a disk-shaped recording medium for 
recording a picture sequence at least on a picture by 
picture basis, adapted to allocating unique numbers to 
the pictures on the disk-shaped recording medium for 
one-to-one correspondence, providing a file of editing 
information apart from the physical addressees of the 
substantive data on the disk-shaped recording medium 
and recording video signals edited by managing the 
unique numbers allocated to said pictures on said file of 
editing information along with said file of editing infor- 
mation. 

[0023] Thus, according to the invention, it is now pos- 
sible to record a picture sequence in a manner that 
allow picture management and time code allocation to 
be realized accurately and reliably when editing a pic- 
ture sequence by utilizing techniques such as cutting 
out (or erasing) a scene, inserting a scene (in the proper 
sense of the word) without overlaying the picture 
sequence with a scene and/or moving part of the picture 
sequence. The numbers may be combinations of a plu- 
rality of numerals to make them hierarchical, serial num- 
bers or any other numbers so long as they are unique 
relative to each other. 

Brief Description of the Drawings 

[0024] 

FIG. 1 is a schematic block circuit diagram of an 
optical disk apparatus provided as an embodiment 
of method and apparatus for recording a picture on 
a disk and method and apparatus for reproducing a 
picture from a disk according to the invention. 
FIG. 2 schematically illustrates how a file is config- 



ured and manipulated according to the invention. 
FIG. 3 is schematic illustration of the format of an 
entry that can be used for the purpose of the inven- 
tion. 

s FIG. 4 is a schematic illustration of a time code of 

hour : minute : second : frame expressed in the 
form of BCD. 

FIG. 5 schematically illustrates how editing opera- 
tions are conducted on a disk 
10 FIG, 6 schematically illustrates the relation of phys- 
ical/logical sector addresses, picture frame num- 
bers and time codes. 

FIG, 7 is a schematic illustration of an operation of 
dividing a picture sequence on a scene basis and 

is the smallest table required for it. 

FIG. 8 is a flow chart illustrating the operation of 
dividing a picture sequence on a scene basis. 
FIG, 9 is a schematic illustration of an operation of 
erasing a scene of a picture sequence and the 

20 smallest table required for it 

FIG. 10 is a flow chart illustrating the operation of 
erasing a scene of a picture sequence. 
FIG. 1 1 is a schematic illustration of an operation of 
adding a scene to a picture sequence and the 

25 smallest table required for it 

FIG. 12 is a flow chart illustrating the operation of 
adding a scene to a picture sequence. 
FIG. 13 is a schematic illustration of an operation of 
preparing an entry for each GOR 

30 FIG. 14 is a flow chart illustrating the operation of 
preparing an entry for each GOP. 
FIG. 15 is a schematic illustration of time code allo- 
cation in a basic reproduction mode. 
FIG. 16 is a schematic illustration showing the rela- 

35 tionship between frames and fields in 2-3 (or 3-2) 
pull-down processing. 

FIG. 17 is a schematic illustration of a problem that 
arises when an editing operation is conducted at an 
in-point in 2-3 pulldown processing. 

40 FIG. 18 is a schematic illustration showing how an 
original picture sequence of 24 frames/second is 
displayed on a frame by frame basis to specify 
respectively an in-point and an out-point at the cor- 
responding original frames in 2-3 pull-down 

45 processing. 

FIG. 19 is a schematic illustration how 
repeat_first_field of MPEG is made equal to 1 and 
repeated for a field for the frame preceding the in- 
point in order to maintain the field continuity after 

so the editing operation when specifying an in-point 
and an out-point in 2-3 pull-down processing. 
FIG. 20 is a schematic illustration showing how a 
scene is inserted on a tape-shaped recording 
medium. 

55 FIG. 21 is a schematic illustration showing how in- 
points and out-points are specified on a tape- 
shaped recording medium. 

FIG. 22 is a schematic illustration showing how a 
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scene is cut out from a disk-shaped recording 
medium. 

FIG. 23 is a schematic illustration showing how the 
relationship between the events arid the time codes 
becomes distorted if the time codes are reallocated 
after each editing operation, which may be that of 
insertion editing or cutting out. 

Best Mode For Carrying Out The Invention 

[0025] Now, the present invention will be described by 
referring to the accompanying drawings that illustrate 
preferred embodiments of the invention. 
[0026] FIG. 1 is a schematic block circuit diagram of 
an optical disk apparatus provided as an embodiment of 
method and apparatus for recording a picture on a disk 
ana method and apparatus for reproducing a picture 
frcrr; a disk according to the invention. Additionally, FIG. 
1 shows an embodiment of disk-shaped recording 
medium according to the invention, which is an optical 
disk. 

[0027] Referring to FIG. 1, the optical disk apparatus 
comprises an optical head 2 adapted to reading out 
data from and writing data onto a refreshable optical 
storage disk 1 . 

[0028] The bit stream read out from the optical disk 1 
by means of the optical head 2 is demodulated by an RF 
and demodulation/modulation circuit 3 and then cor- 
rected for errors before forwarded to a read channel 
buffer 6 adapted to absorbing the difference between 
the data reading rate and the data decoding/processing 
rate by way of a switch 5. The output of the read channel 
buffer 6 is fed to decoder 7. The read channel buffer 6 is 
so designed that system controller 1 3 can read out data 
from and write data in it. 

[0029] The bit stream output from the read channel 
buffer 6 is then decoded by the decoder 7 to produce 
video and audio signals therefrom. The video signal out- 
put from the decoder 7 is then entered to synthesizing 
circuit 8, where it is synthetically combined with the 
video signal output from OSD (on screen display) con- 
trol circuit 9 before being output from output terminal P1 
to a display (not shown) for displaying. The audio signal 
output from the decoder 7 is then sent to a loud speaker 
(not shown) from output terminal P2 for sound repro- 
duction. 

[0030] On the other hand, the video signal input from 
input terminal P3 and made to pass through 2-3 pull- 
down detection circuit 15 and the audio signal input 
from input terminal P4 are encoded by encoder 10 and 
sent to write channel buffer 1 1 adapted to absorbing the 
difference between the data encoding/processing rate 
and the data writing rate. The write channel buffer 6 is 
also so designed that the system controller 13 can read 
data from and write data in it. 

[0031] Each of the data accumulated in the write 
channel buffer 1 1 is then read out therefrom and input to 
the ECC circuit 4 by way of the switch 5, in which ECC 



circuit 4 an error correction code is added thereto, 
before it is modulated by the RF and demodula- 
tion/modulation circuit 3. The signal (RF signal) output 
from the RF and demodulationymodulation circuit 3 is 
5 then written into the optical disk 1 by means of the opti- 
cal head 2. 

[0032] The address detection circuit 12 detects 
address information of the track of the optical disk 1 to 
be used for recording or reproducing data. The system 
10 controller 13 controls the operation of each of the com- 
ponents of the optical disk apparatus and performs var- 
ious tasks including those of generating and processing 
a time code from the unique number assigned to each 
picture as will be described hereinafter, those of gener- 
is ating data base files having a directory structure to be 
used for editing operations as will be described herein- 
after and those of managing the operations of record- 
ing/reproducing such files. It comprises a CPU 21 for 
controlling various operations, a ROM 22 that stores 

20 processing programs to be executed by the CPU 21, a 
RAM 23 for temporarily storing data generated in the 
course of processing operations and another RAM 24 
for storing various information files (including data base 
files having a directory structure) for data recorcfing and 

25 data reproduction that are used for the optical disk 1 . 
[0033] The CPU 21 finely regulates the position of the 
optical head 2 according to the output of the detecting 
operation of the address detection circuit 12. it also con- 
trols the switching operation of the switch 5. 

30 [0034] Input section 14 comprises various switches 
and buttons and is adapted to be operated by the user 
to enter various commands. The user can use the input 
section 1 4 also for various editing operations as will be 
described hereinafter. 

35 [0035] Now, the operation of reading an information 
file in the optical disk apparatus will be described as 
such a file takes an essential role in the apparatus. 
Assume now that the information file is titled as "VOL- 
UME. TOC" information file, which is used for the physi- 

40 cai addresses of the tracks on the optical disk and those 
of the data to be recorded/reproduced. When reading in 
the "VOLUME. TOC information file, the CPU 21 of the 
system controller 13 employs a file system operation 
command stored in advance in the processing program 

45 for it to determine the physical addresses where "VOL- 
UME. TOC" is recorded and the length thereof. Subse- 
quently, the CPU 21 drives the optical head 2 to move it 
to the reading position according to the obtained 
address information for "VOLUME. TOC". Then, the 

so CPU 21 selects a read out mode for the optical head 2, 
the RF and demodulation/modulation circuit 3 and the 
ECC circuit 4 and turns the switch 5 to the side of the 
read channel buffer 6, while finely regulating the posi- 
tion of the optical head 2, before it cause the optical 

55 head 2 to start reading the data. Thus, the optical head 
2 reads out the data contained in "VOLUME. TOC", 
which are then demodulated by the RF and demodula- 
tion/modulation circuit 3 and corrected for errors by the 
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ECC circuit 4 before accumulated in the read channel 
buffer 6. 

[0036] The CPU 21 causes the optical head 2 to stop 
reading out the data when the volume of the data accu- 
mulated in the read channel buffer 6 becomes equal to 
or greater than that of "VOLUME. TOC". Subsequently, 
the CPU 21 reads out the data from the read channel 
buffer 6 and stores them into the RAM 24. 
[0037] Now, the operation of writing data into the 
"VOLUME. TOC" information file, which is a file that 
takes an essential role in the apparatus as described 
above. The CPU 21 of the system controller 13 employs 
a file system operation command stored in advance in 
the processing program for it to search out an idle 
region having a size equal to or greater than that of 
"VOLUME. TOC" to be written and determines the 
addresses thereof. 

[0038] Then, the CPU 21 transfers the data to be writ- 
ten that are contained in "VOLUME. TOC" and stored in 
RAM 24 to the write channel buffer 1 1 . Subsequently, 
the CPU 21 drives the optical head 2 to move to the writ- 
ing position according to the address information of the 
idle region. Then, the CPU 21 selects a write mode for 
the optical head 2, the RF and demodulation/modula- 
tion circuit 3 and the ECC circuit 4 and turns the switch 
5 to the side of the write channel buffer 1 1 , while finely 
regulating the position of the optical head 2, before it 
cause the optical head 2 to start writing the data. 
[0039] Thus, the newly prepared data contained in 
"VOLUME. TOC" are read out from the write channel 
buffer 1 1 and then input to the ECC circuit 4 by way of 
the switch 5, in which ECC circuit 4 respective error cor- 
rection codes are added to them before the data are 
modulated by the RF and demodulation/modulation cir- 
cuit 3. The signals output from the RF and demodula- 
tion/modulation circuit 3 are recorded on the optical disk 

I by means of the optical head 2. The CPU 21 causes 
the optical head 2 to stop writing the data when the vol- 
ume of the data read out from the write channel buffer 

I I becomes equal to or greater than that of "VOLUME. 
TOC". 

[0040] Finally, the CPU 21 employs a file system oper- 
ation command stored in advance in the processing 
program to rewrite the pointer currently pointing to 
"VOLUME. TOC" in the file system (in the optical disk 1) 
to make it point to the newly written position. 
[0041] Now, the operation of editing data on the opti- 
cal disk 1 typically including cutting out and/or erasing 
data, inserting data (in the proper sense of the word) 
without overlaying data with foreign data and/or moving 
part of a picture sequence will be discussed below. 
[0042] It should be stressed here that the term "time 
codes" that is popularly being used for editing is not 
appropriate for use with disk media. In the case of a 
refreshable disk media such as an optica) disk 1 as 
used in the above embodiment, identification numbers 
of a certain type are required for the recorded pictures 
frames for one-to-one correspondence, although the 



expression of "time codes" is not appropriate for them. 
[0043] Therefore, for the purpose of the invention, 
numbers will be used as absolute references to replace 
time codes. While conventional time codes are made to 

5 take the role of notifying the user of the duration of time 
of picture reproduction from the head, virtual time codes 
will be arithmetically prepared on the basis of the num- 
bers operating as absolute references and presented to 
the user. In other words, time codes are used inside the 

w editing equipment in the case of conventional tape 
media, whereas the numbers handled in the editing 
equipment are different from the sets of hour, minute, 
second and frame presented to the user in this embodi- 
ment. 

is [0044] Keeping the above in mind, now, the method of 
identifying picture frames in a disk media for recording 
images according to the invention will be described. 
[0045] The method of identifying picture frames in a 
disk media (optical disk 1) is differentiated from the 

20 method used in conventional tape media in terms of the 
following two ideas. 

(I) A novel user interface (Ul) different from its coun- 
terpart of the tape media is used for the disk media. 
25 (II) Time codes as used in tape media are virtually 
prepared for the disk media. 

[0046] In order to realize a novel user interlace differ- 
ent from its counterpart of the tape media according to 

30 the invention as pointed out above by (I), a picture 
sequence will be handled as a collection of files. The 
files of such a collection will be data base files having a 
directory structure. A file may be divided (DIV) and a file 
may be inserted into another (INS), while a new file may 

35 be added to another (ADD) and any file may be moved 
from a location to another (MOV). 
[0047] FIG. 2 schematically illustrates how a file is 
configured and manipulated according to the invention. 
In FIG. 2, reference symbol DIV represents a operation 

40 of dividing a file and INS represents that of inserting a 
file into another, whereas ADD and MOVE represent 
respectively an operation of adding a file to another and 
that of moving a file from a location to another. More 
specifically, FIG. 2 A schematically shows a DIV opera- 

45 tion, where file F1 is divided to produce file F1 1 and file 
F12. FIG. 2B schematically shows a MOV operation, 
where file F1 is moved so that file F1 and file F2 may 
appear to have been switched after the MOV. FIG. 2C 
schematically shows an INS or ADD operation, where 

so file F3 is added or inserted between file F1 and file F2. 
In the case of a tape media, the order of reproducing 
picture frames is automatically defined by the sequence 
of picture frames from the head of the tape, whereas 
files may be reproduced in any order by means of the 

55 user interface of (I) (e.g., according to the recorded 
sequence if the user does not specify otherwise). While 
the duration of time of picture reproduction may be 
found in each file, no time code system is used for the 
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entire disk. 

[0048] In order to realize virtual time codes that the 
user can see as pointed out by (II) above, numbers that 
are not intermixed by editing operations will be used 
and converted into time codes. Thus, for realizing virtual s 
time codes that the user can see, 

(1) numbers have to be uniquely allocated to pic- 
tures within the disk media and 

10 

(2) a procedure, or a rule, has to be established for 
converting the allocated numbers of (1) into virtual 
time codes. 

[0049] These two conditions are necessary and suff i- is 
cient conditions for realizing virtual time codes. 
[0050] Now, this will be described in greater detail. 
Note that, in the following description, a stream of pic- 
ture to which the so-called MPEG system is applied 
may be used. The MPEG (Moving Picture Image Cod- 20 
ing Experts Group) belongs to ISO/LEC JTC1/SC29 
(International Organization for Standardization/Interna- 
tional Electrotechnical Commission, Joint Technical 
Committee 1 /Sub-Committee 29:) and has provided 
IS011172 as MPEG Standards 1 and IS013818 as 2s 
MPEG Standards 2. Of these international standards, 
IS011 172-1 and IS013818-1 provide standards for 
system multiplexing and IS011172-2 and SIOI 3818-2 
provide standards for video coding, while IS011 172-3 
and SI01 381 8-3 provide standards for audio coding. 30 
[0051] The allocation of unique numbers to pictures 
that is essential to the present invention will be dis- 
cussed first. When allocating numbers for the purpose 
of the invention, care should be taken so that the editing 
unit and the accuracy of editing may not be restricted by 35 
the allocation. Editing should be restricted only in terms 
of inevitable factors found in layers located under the 
uppermost video application layer. 
[0052] Some of the techniques that can be used for 
the allocation of numbers will be discussed below. 40 
[0053] While the physical locations on the disk may 
reliably be used for the numbers to be allocated to pic- 
tures on a disk media, they are only specific to the par- 
ticular disk media being used so that they can no longer 
be used when pictures are copied on some other media, 45 
e.g., a hard disk, for an editing session. Additionally, 
they may not be able to cope with new technological 
developments that may take place in the field of record- 
ing media. 

[0054] Alternatively, logical sector numbers on the so 
disk may be used as numbers to be allocated to pictures 
on a disk media, relying on the file system of the disk. 
Then again, however, they can no longer be used when 
pictures are copied on some other media, e.g., a hard 
disk, having a different file system. 55 
[0055] Still alternatively, the date, that is the year, the 
month, the day, the hour, the minute and the second of 
the time when a particular picture is shot and recorded 



may be used. While this may be reliable within a disk 
media, some other picture copied from some other disk 
can carry the same number. 

[0056] In view of the above circumstances, according 
to the invention, the order in which pictures are 
recorded on the disk media will be used for allocating 
numbers to the pictures in this embodiment. More spe- 
cifically, in this embodiment, numbers are allocated to 
the pictures in the order in which they are recorded. The 
source of each picture will not be questioned. If a picture 
is copied from some other disk, a new number will be 
assigned to it. Therefore, no two or more than two pic- 
tures can bear a same number on a disk media in this 
embodiment. If a picture is erased, the number allo- 
cated to it for a one-to-one correspondence will be han- 
dled as missing number. Missing numbers may be 
avoided and reused either 

(X) by reallocating the numbers each time a miss- 
ing number is produced or 

(Y) by keeping the information of each missing 
number and assigning the number to a newly 
recorded picture. 

[0057] However, the technique of (X) will give rise to a 
very large overhead load and hence not realistic, 
whereas that of (Y) will require a large table for record- 
ing all the missing numbers, which will increase with 
each editing session that can produce sporadic missing 
numbers so that, if the maximum value of missing num- 
bers is suppressed by quickly reusing them, this tech- 
nique will not provide any remarkably advantage in view 
of the storage area that may be necessary for displaying 
and managing the missing numbers. 
[0058] For the above reasons, no technique of reallo- 
cation of numbers will be employed in this embodiment. 
Then, while a large storage area may be required to 
store all the missing numbers, the information on the 
management of the missing numbers can be updated 
quicker than any other techniques to a great advantage 
of this embodiment. 

[0059] Now, the numbering rule of the embodiment 
will be described. 

[0060] An identification number is assigned to each 
picture recorded on a disk media and remains invariable 
until the picture is erased in this embodiment. Such a 
number will be referred to as "picture number" for the 
purpose of the invention. While the term "picture" may 
refer to a picture frame in most cases, the expression of 
"picture frame" is not used for the purpose of the inven- 
tion although it may ordinarily be more accurate 
because a picture can sometimes be a picture field. The 
user may want to assign a unequivocal specific symbol 
(number) to each picture for the purpose of identifica- 
tion, which symbol (number) has to remain unchanged 
before and after any editing session so that it may con- 
veniently be used for editing the recorded pictures. 
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When searching for a specific scene that may appear 
very important to the user, the latter will use the une- 
quivocal symbol (number) for retrieving the scene. 
Thus, while picture numbers are to be used within the 
equipment that handles the disk media and may be a 
recording apparatus, they can also conveniently be 
used by the user for such purposes as pointed out 
above. 

[0061 ] The largest value of the picture numbers used 
in a disk media will be changed when an operation of 
recording images as external input is over and when 
one or more than one (substantive) pictures are copied 
in an editing session conducted on the disk media. 
However, it will not be changed by an editing operation 
such as erasing, inserting or moving a picture. 
[0062] A table showing the correspondence of picture 
numbers and scenes (which may be referred to as cuts 
or tracks) is necessary for invariably holding the relation 
between each picture number and a corresponding sub- 
stantive picture. The table will carry the first picture 
number, the length of consecutive picture numbers (or 
the ending picture number), the picture number 
recorded latest and the addresses of pairs of pictures to 
be linked. In this table, an area of consecutive picture 
numbers corresponds to an entry In other words, the 
stretch of part or all of a cut (scene) indicated by an 
entry is referred to as an area. Thus, the number of 
entries of each cut will be (the number of discontinuities 
in the cut + 1). 

[0063] FIG. 3 schematically shows the format of an 
entry can be used for the purpose of the invention. 
Referring to FIG. 3, each entry is defined in terms of the 
entry address as indicated by (A), the cut number 
(scene number) as indicated by (B), the starting picture 
number as indicated by (C), the length (or the ending 
picture number) as indicated by (D), the pointer pointing 
to the preceding entry (the preceding entry address) as 
indicated by (E) and the pointer pointing to the succeed- 
ing entry (the succeeding entry address) as indicated by 
(F). 

[0064] The picture number is reset to 0 only when the 
entire pictures recorded on the disk are erased. If all the 
picture numbers of the disk are used and there remains 
no idle picture number, all the pictures will have to be 
copied onto a new disk. Then, the pictures on the new 
disk will respectively carry consecutive picture numbers 
starting from 0 (and hence defragmented) so that there 
maybe some idle numbers available for new pictures to 
be additionally recorded. 

[0065] When a picture is copied within the disk (with 
the original picture remaining alive), a new picture 
number will be assigned to the copied picture. 
[0066] Now, the number of bits required for the picture 
numbers on a disk media will be estimated. Assuming 
that images for two hours are recorded on a disk. Then, 
the number of fields will be 

2 x 60 x 60 x 60 = 432,000 



and. if the entire disk is reused for 100 times before its 
service life end, the total number of fields will be 

432,000 x 100 = 43.200,000. 

5 

[0067] 43,200,000 can be expressed by using 26 bits, 
which are equal to the number of bits necessary for 
expressing conventional time codes by means of BCD 
(binary coded decimal). 
10 [0068] FIG. 4 schematically illustrates a time code of 
hour : minute : second : frame expressed in the form of 
BCD. ft will be understood from FIG. 4 that a total of 26 
bits will be necessary for expressing a time code in 
BCD. 

75 [0069] The types of editing operation on a disk media 
include erasing a picture, dividing a cut (scene), adding 
a picture and moving a picture to rearrange the order of 
reproducing pictures. For the purpose of the invention, 
the allocated picture numbers will not be changed if one 

20 or more than one pictures are moved. 

[0070] FIG. 5 schematically illustrates how editing 
operations are conducted on a disk. 
[0071] In FIG. 5, (a) indicates the picture sequence 
before the editing operations and (b) indicates the pic- 

25 ture sequence after the editing operations. The num- 
bers in FIG. 5 are picture numbers. In the instance of 
FIG. 5, the pictures (picture frames) from picture 
number 11 to picture number 14 are cut out from the 
picture sequence of (a) and the pictures (picture 

30 frames) from picture number 21 to picture number 24 
are moved from the picture sequence of (a) and 
inserted between picture number 30 and picture 
number 31 of (b) in FIG. 5. Since the pictures from pic- 
ture number 11 to picture number 14 are cut out 

35 (removed) from the picture sequence of (a) in FIG. 5, 
those numbers will be missing in the picture sequence 
of (b) in FIG. 5. It will be appreciated that picture num- 
bers from 21 to 24 in (a) are not changed after the pic- 
tures carrying the numbers are moved as shown in (b) 

40 of FIG. 5. 

[0072] FIG. 6 schematically illustrates the relation of 
physical/logical sector addresses, picture frame num- 
bers and time codes. Referring to FIG. 6, it will be 
appreciated that time codes and picture numbers are 

45 used for the interaction between the user and the video 
application layer and picture numbers are used for the 
interaction between the video application layer and the 
allocation management layer, whereas logical sector 
addresses are used for the interaction between the allo- 

50 cation management layer and the file system and phys- 
ical sector addresses are used for the interaction 
between the file system and the disk. 
[0073] The format of the table for summarily showing 
the entries of the embodiment will be discussed below. 

55 The picture numbers will not be reused in this embodi- 
ment. 

[0074] The table contains a number of elements, to 
each of which a unique and unequivocal picture number 
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is assigned. When actually using the embodiment, how- 
ever, it may not be necessary to provide each and every 
one of the pictures on the disk with an element (entry) 
on the table. How to define the largest unit of entry may 
have the following choices. 

(A) An entry may be defined as a collection of pic- 
tures having consecutive numbers in a scene. 
Then, the table may be of a necessary minimal size. 

(B) An entry may be defined as a GOP (group of 
pictures). Then, if an editing operation is conducted 
for a number of pictures smaller than that of a GOP, 
a collection of pictures smaller than a COP will 
become an entry, although this definition will make 
it easy to pinpoint a target picture during the opera- 
tion of fast forwarding (FF) or fast rewinding (FR). 

(C) An entry may be defined as an l-picture or a P- 
picture. Then, a searching operation will become 
very smooth and easy. 

[0075] A table of a necessary minimal size will be dis- 
cussed below. Assume here a picture number is 
assigned to a field of video signals. 
[0076] Then, if a group of pictures (fields) having con- 
secutive picture numbers is handled as an entry, it will 
by turn define the necessary minimal size for the table. 
If a single scene is recorded continuously, an entry will 
be added on the table for the single scene. Then, the 
number of entries of the table will increase each time a 
new scene is added to produce one or more than one 
discontinuities in the picture numbers in an editing oper- 
ation. Thus, the number of entries will be equal to (the 
number of discontinuities + 1). 

[0077] The size of an entry may be expressed in a 
manner as described below. 

[0078] The starting number (starting picture number) 
SFN of a series of consecutive picture numbers is 
expressed by 26 bits and the length LEN of the consec- 
utive picture numbers (or the ending number (ending 
picture number) of the consecutive picture numbers) is 
expressed by 26 bits, whereas the picture number 
recorded latest on the disk media (hereinafter referred 
to as latest recorded picture number EFN of the disk) is 
also expressed by 26 bits. 

[0079] The number of entries can be estimated in a 
manner as described below. 

[0080] If there is no editing operation or pictures are 
erased or moved by an entire scene, the principle of one 
entry for one scene will be maintained. However, the 
number of entries will be incremented by one each time 
a scene is divided. 

[0081] The necessary minimal size of a table that will 
be required for dividing a scene will be discussed by 
referring to FIG. 7. FIG. 7 schematically illustrates an 
operation of dividing a scene (DIV). 
[0082] When scene S1 comprising pctures with pic- 
ture number 50 through picture number 500 and hence 
without any discontinuity as indicated by (a) in FIG. 7 is 



divided into scene S1 with picture number 50 through 
picture number 300 showing no discontinuity and scene 
S2 with picture number 301 through picture number 500 
also showing no discontinuity as indicated by (b) in FIG. 
5 7, the necessary minimal size of the table will also be 
changed (modified or updated) from that of (c) in FIG. 7 
to that of (d) in FIG. 7. 

[0083] More specifically, as shown in (c) of FIG. 7, the 
table with the necessary minimal size corresponding to 
10 scene S1 of (a) in FIG. 7 contains the following values; 
500 for the latest recorded picture number EFN of the 
disk, 2 for the entry address of scene S1 , 1 for the scene 
number SN of scene S1. 50 for the starting picture 
number SFN of scene S1, 451 for the Length LEN of 
is scene S1 (or 500 for the ending picture number of 
scene S1), 2 for the pointer pointing to the preceding 
entry (preceding entry address) and 2 for the pointer 
pointing to the succeeding entry (succeeding entry 
address). 

[0084] On the other hand, a single number of 500 is 
listed as the latest recorded picture number EFN of the 
disk for the entries of table of (d) in FIG. 7 for scene S1 
and scene S2 produced by dividing the original scene 
S1 as shown in (b) of FIG. 7 and then the entry for 
scene S1 contains the following values; 2 for the entry 
address of scene S1 , 1 for the scene number SN of 
scene S1 . 50 for the starting picture number SFN of 
scene S1. 251 for the length LEN of scene Si (or 300 
for the ending picture number of scene S1), 2 for the 
preceding entry address and 2 for the succeeding entry 
address, whereas the entry for scene S2 contains the 
following values; 3 for the entry address of scene S2, 2 
for the scene number SN of scene S2, 301 for the start- 
ing picture number SFN of scene S2, 200 for the length 
LEN of scene S2 (or 500 for the ending picture number 
of scene S2), 3 for the preceding entry address and 3 
for the succeeding entry address. 
[0085] For executing an operation of dividing a scene 
(DIV) as illustrated in FIG. 7 on an optical disk appara- 
tus as shown in FIG. 1 , the system controller 1 3 updates 
the data base file for editing operations in a manner as 
indicated by the flow chart of FIG. 8. Note that symbol 
FN denotes a picture number in the following descrip- 
tion. 

[0086] Firstly, assume that a picture having a picture 
number FN of 301 is specified as point for dividing a 
scene and hence as starting point of a new scene of 
scene S2 at step st1 of the flow chart of FIG. 8 accord- 
ing to the user input at the input section 14. 
[0087] As the starting point is specified for a new 
scene of scene S2 by the operation of the user for divid- 
ing a scene, the system controller 13 prepares an entry 
corresponding to the new scene S2 (with a scene 
number SN equal to 2) at step st2 and then, at step st3, 
it writes down the value of 301 for the picture number 
FN of the dividing point as the starting picture number 
SFN of the entry of the scene S2 (SFN=301). 
[0088] Then, at step st4, the system controller 13 
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enters the value obtained by subtracting the value of the 
starting picture number SFN of scene S1 
(SFN_(SN=1)) , or SFN=50 as shown in FIG. 7, from 
the value of the starting picture number SFN of scene 
S2 (SFN_(SN=2)) , or SFN=301 as shown in FIG. 7, 
which is equal to 251 (SFN_(SN=2)-SFNJSN=1)) , for 
the length LEN of scene Si into the entry with the scene 
number SN of 1 . At the same time, the system controller 
13 enters the value obtained by adding the value of the 
starting picture number SFN of scene S1 
(SFN_(SN=1)) and the value obtained by subtracting 1 
from the length LEN of scene Si (LEN_(SN=1)-1) , or 
the length LEN=251 of scene S1 minus 1 plus the start- 
ing picture number SFN=50 of scene S1 , which is equal 
to 300, into the parentheses after the length LEN of the 
entry with the scene number SN of 1 . 
[0089] Then, at step st5, the system controller 13 
enters the value obtained by subtracting the value of the 
starting picture number SFN of scene 
S2 (SFN_(SN=2)) plus 1 (SFN_(SN=2)+1) , or 
SFN=301-1. from the value of the latest recorded pic- 
ture number EFN of the disk, of EFN=500, which is 
equal to 200, (EFN-SFN__(SN=2)+1) , for the length of 
scene S2 into the entry with the scene number SN of 2. 
At the same time, the system controller 13 enters the 
value of the latest recorded picture number EFN, or 
EFN=500, into the parentheses after the length LEN of 
the entry with the scene number SN of 2. 
[0090] Subsequently, at step st6, the system controller 
13 enters the addresses of the respective entries with 
the scene numbers of SN1 and SN2 for the preceding 
addresses and the succeeding addresses of the 
respective entries with the scene numbers of SN1 and 
SN2. 

[0091] Thus, the system controller 13 modifies the 
entries in a manner described above in response to the 
operation of the user for dividing the scene and then 
reads out the contents of the table containing the modi- 
fied entries from the RAM 24 and cause them to be 
recorded on a predetermined region of the optical disk 1 
(e.g., ""VOLUME. TOC"" or some other desired region). 
Therefore, for any subsequent data reproducing opera- 
tion, the above table will be reproduced and the system 
controller 13 can control the pictures according to the 
contents of the table and reproduce the edited signals 
obtained by the above scene dividing operation. 
[0092] The necessary minimal size of a table that will 
be required for erasing a scene will now be discussed 
by referring to FIG. 9. FIG. 9 schematically illustrates an 
operation of erasing a scene (ERA). 
[0093] When area E2 of pictures with picture number 
100 through picture number 199 is erased from scene 
S1 comprising pictures with picture number 50 through 
picture number 400 and hence without any discontinuity 
as indicated by (a) in FIG. 9 and area E1 with picture 
number 50 through picture number 99 and area E3 with 
picture number 200 through picture number 400 are 
connected to produce new scene S1 as indicated by (b) 



in FIG. 9, the necessary minimal size of the table (and 
the entries) will also be changed from that of (c) in FIG. 
9 to that of (d) in FIG. 9. 

[0094] More specifically, as shown in (c) of FIG. 9, the 

s table with the necessary minimal size corresponding to 
scene S1 of (a) in FIG. 9 contains the following values; 
400 for the latest recorded picture number EFN of the 
disk, then for area E1 of scene S1; 2 for the entry 
address of area E1 , 1 for the scene number SN of scene 

io S1 where area E1 is found, 50 for the starting picture 
nurrtter SFN of area El , 50 for the length LEN of area 
E1 (or 99 for the ending picture number of area E1), 2 
for the preceding entry address and 3 for the succeed- 
ing entry address, for area E2 of scene S1 ; 3 for the 

is entry address of area E1 , 1 for the scene number SN of 
scene S1 where area E2 is found. 100 for the starting 
picture number SFN of area E2, 100 for the length LEN 
of area E2 (or 1 99 for the ending picture number of area 
E2), 2 for the preceding entry address and 4 for the suc- 

20 ceeding entry address, and for area E3 of scene S1 ; 4 
for the entry address of area E1 , 1 for the scene number 
SN of scene S1 where area E3 is found, 200 for the 
starting picture number SFN of area E3, 201 for the 
length LEN of area E3 (or 400 for the ending picture 

25 number of area E3), 3 for the preceding entry address 
and 4 for the succeeding entry address. 
[0095] On the other hand, a single number of 400 is 
listed as the latest recorded picture number EFN of the 
disk for the entries of table of (d) in FIG. 9 for scene Si 

30 and scene S2 produced by restructuring the original 
scene S1 as shown in (b) of FIG. 9 and then the entry 
for area E1 of scene S1 contains the following values; 2 
for the entry address of area E1 of scene S1, 1 for the 
scene number SN of scene S1 where area E1 is found, 

35 50 for the starting picture number SFN of area El P 50 for 
the length LEN of area E1 (or 99 for the ending picture 
number of area E1), 2 for the preceding entry address 
and 4 for the succeeding entry address, whereas the 
entry for area E3 of scene Si contains the following val- 

40 ues; 4 for the entry address of area E3 of scene SI , 1 
for the scene number SN of scene S1 where E3 is 
found, 200 for the starting picture number SFN of area 
E3, 201 for the length LEN of area E3 (or 400 for the 
ending picture number of area E3), 2 for the preceding 

45 entry address and 4 for the succeeding entry address. 
[0096] For executing an operation of erasing a scene 
(ERA) as illustrated in FIG. 9 on an optical disk appara- 
tus as shown in FIG. 1 , the system controller 1 3 updates 
the data base file for editing operations in a manner as 

so indicated by the flow chart of FIG. 1 0. 

[0097] Firstly, assume that a sequence of pictures 
from picture number FN=100 to picture number FN=199 
is specified as area to be erased from scene S1 starting 
with picture number FN of 50 and ending with picture 
55 number FN of 400 at step st1 1 of the flow chart of FIG. 
10 according to the user input at the input section 14. 
Then, entries that can accommodate the specified area 
to be erased without problem will have to be prepared 
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because a single entry may currently be covering the 
entire scene S1 . Thus, at step st12, the system control- 
ler 13 divides the entry at picture number FN=100 and 
at picture number FN=200 for area E2 to be erased. 
More specifically, the system controller 13 produces 
area E1 with picture numbers FN=50 through 99, area 
E2 with picture numbers FN=100 through 199 and area 
E3 with picture numbers FN=200 through 400 out of the 
original scene S1 and link the preceding and succeed- 
ing entries so as to make areas E1, E2 and E3 to be 
reproduced in the described order. 
[0098] Then, at step st13, the system controller 13 
writes down the value of the succeeding entry address 
of area E2 for the succeeding entry address of E1 and, 
at step st14, writes down the value of the preceding 
entry address of area E2 for the preceding entry 
address of area E3. 

[0099] Subsequently, the system controller 13 erase 
the entry corresponding to area E2. The entry corre- 
sponding to area E may, for example, be erased by 
reducing the scene number SN of the entry correspond- 
ing to area E2 to 0 in a manner as described below. 
[0100] Namely, the system controller 13 modifies the 
entries as described above in response to the operation 
of the user for erasing the scene and then reads out the 
contents of the table containing the modified entries 
from the RAM 24 and cause them to be recorded on a 
predetermined region of the optical disk 1 (e.g.. ""VOL- 
UME. TOC"" or some other desired region). Therefore, 
for any subsequent data reproducing operation, the 
above table will be reproduced and the system control- 
ler 13 can control the pictures according to the contents 
of the table and reproduce the edited signals obtained 
by the above scene erasing operation. 
[01 01 ] The necessary minimal size of a table that will 
be required for adding a scene will now be discussed by 
referring to FIG. 11. FIG. 11 schematically illustrates an 
operation of adding a scene (ADD). More specifically, it 
shows how a different scene, or scene S2, is added to 
the end of scene SI ((b) of FIG. 9) modified by erasing 
an area out of the original scene as described above by 
referring to FIG. 9. 

[01 02] When scene S2 of pictures with picture number 
401 through picture number 599 as shown in (b) of FIG. 
11 is added to scene S1 comprising area E1 and area 
E3 as shown in (a) of FIG. 11, the necessary minimal 
size of the table will also be changed (modified or 
updated) from that of (c) in FIG. 1 1 to that of (d) in FIG. 
11. 

[0103] More specifically, as shown in (c) of FIG. 11, 
the table with the necessary minimal size corresponding 
to scene S1 of(a) in FIG. 1 1 contains the following val- 
ues, which are mostly same as those listed for area E1 
and area E3 in (d) of FIG. 9 above; 400 for the latest 
recorded picture number EFN of the disk, then for area 
E1 of scene S1; 2 for the entry address of area E1 of 
scene S1, 1 for the scene number SN of scene S1 
where area E1 is found, 50 for the starting picture 



number SFN of area E1, 50 for the length LEN of area 
E1 (or 99 for the ending picture number of area E1). 2 
for the preceding entry address and 10 for the succeed- 
ing entry address and for area E3 of scene S1; 10 for 
5 the entry address of area E3 of scene S1 , 1 for the 
scene number SN of scene S1 where E3 is found, 200 
for the starting picture number SFN of area E3, 201 for 
the length LEN of area E3 (or 400 for the ending picture 
number of area E3), 2 for the preceding entry address 
w and 10 for the succeeding entry address. 

[0104] On the other hand, a single number of 599 is 
listed as the latest recorded picture number EFN of the 
disk for the entries of table of (d) in FIG. 1 1 for scene S1 
and scene S2 produced by adding scene S2 as shown 
is in (b) of FIG. 1 1 and then the entry for area E1 of scene 
S1 contains the following values; 2 for the entry address 
of area E1 of scene S1, 1 for the scene number SN of 
scene S1 where area E1 is found, 50 for the starting pic- 
ture number SFN of area E1, 50 for the length LEN of 
20 area E1 (or 99 for the ending picture number of area 
E1), 2 for the preceding entry address and 10 for the 
succeeding entry address, whereas the entry for area 
E3 of scene S1 contains the following values; 10 for the 
entry address of area E1 of scene S1, 1 for the scene 
25 number SN of scene S1 where area E3 is found, 200 for 
the starting picture number SFN of area E3, 201 for the 
length LEN of area E3 (or 400 for the ending picture 
number of area E3), 2 for the preceding entry address 
and 10 for the succeeding entry address, and the entry 
for scene S2 contains the following values; 1 1 for the 
entry address of scene S2 f 2 for the scene number SN 
of scene S2, 401 for the starting picture number SFN of 
scene S2, 199 for the length LEN of scene S2 (or 599 
for the ending picture number of scene S2), 11 for the 
preceding entry address and 11 for the succeeding 
entry address. 

[0105] For executing an operation of adding a scene 
(ADD) as illustrated in FIG. 1 1 on an optical disk appa- 
ratus as shown in FIG. 1 f the system controller 13 
updates the data base file for editing operations in a 
manner as indicated by the flow chart of FIG. 12. 
[0106] Firstly, assume that scene S2 including pic- 
tures from picture number FN=200 to picture number 
FN=4O0 is specified to be added to the end of scene S1 
(at the end of area E of scene S1) at step st21 of the 
flow chart of FIG. 12 according to the user input at the 
input section 14. 

[0107] As a new scene S2 is specified by the user 
input for adding a scene, the system controller 13 add a 
new entry for scene S2 at step st22. More specifically, 
the system controller 13 prepares an entry having an 
address value of 1 1 and a scene number SN of 2 as 
shown in (d) of FIG. 1 1 for scene S2. 
[0108] Then, at step st23. the system controller 13 
writes down a value of 401 as starting picture number 
SFN for the entry (of scene S2) with the address value 
of 1 1 and a value of (599-401+1)=199 as length LEN of 
scene S2. At the same time, the system controller 13 
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writes down into the parentheses of the length LEN for 
the entry of scene S2 in FIG. 1 1 the value obtained by 
adding the value of the starting picture number SFN of 
scene S2 (SFN_(SN=2)) to the value of the length LEN 
of the scene S2 (LENJSN=2)) less 1 
(LEN_(SN=2)-1) , or (SFN_(SN=2)+LEN_(SN=2)-1) . 
More specifically, the value of 599 obtained by adding 
the value of the starting picture number SFN=401 of 
scene S2 to the length LEN=199 of scene S2 less 1 , or 
1 98, into the parentheses of the length LEN for the entry 
of scene S2. 

[0109] Then, at step st24, the system controller 13 
enters the value equal to the on in the parentheses of 
the length for the entry of scene S2 as the latest 
recorded picture number EFN of the disk. 
[01 1 0] Subsequently, at step st25, the system control- 
ler 13 makes both the preceding entry address of the 
entry of scene S2 and the succeeding entry address of 
the entry of scene S2 equal to the value of 1 1 of the 
address of the entry of scene S2 in view of the fact that 
scene S2 is covered by a single entry having the 
address of 1 1 . 

[01 1 1 ] Namely, the system controller 1 3 modifies the 
entries as described above in response to the operation 
of the user for adding the scene and then reads out the 
contents of the table containing the modified entries 
from the RAM 24 and cause them to be recorded on a 
predetermined region of the optical disk 1 (e.g.. ""VOL- 
UME. TOC" n or some other desired region). Therefore, 
for any subsequent data reproducing operation, the 
above table will be reproduced and the system control- 
ler 13 can control the pictures according to the contents 
of the table and reproduce the edited signals obtained 
by the above scene adding operation. 
[01 1 2] Now, a technique for adding entries for fast for- 
warding (FF) and fast rewinding (FR) will be discussed 
below. 

[0113] At the time of recording pictures, an entry will 
be prepared for each GOP and added to the table (an 
entry for the leading l-picture of each GOP). Then, the 
largest single area indicated by an entry will become an 
GOP. Of course, there can be an entry for indicating any 
size smaller than that of an GOP. With this technique of 
preparing an entry for each GOP, the leading l-picture of 
a GOP can be accessed conveniently in a fast forward- 
ing (FF) or fast rewinding (FR) operation. 
[01 14] It will be appreciated that the number of entries 
will increase when editing operations such as erasing 
and/or adding are conducted on the basis of an area 
smaller than a GOP. 

[0115] Assume that an entry is prepared for each 
GOP and a GOP has a length of 0.5 seconds and a 
recording operation lasts for 2 hours. Then, the number 
of entries will be estimated to be as 

2 x 60 x 60 x 2 = 14,400. 

[0116] FIG. 13 schematically illustrates an operation 



of preparing an entry for each GOP. In the example of 
FIG. 13, scene S1 of (b) in FIG. 13 will be obtained by 
carrying out an editing session on the basis of the table 
shown in (e) of FIG. 13 for scene S1 as shown in (a) of 
5 FIG. 13. 

[01 17] Referring to FIG. 1 3, scene S1 shown in (a) of 
FIG. 13 contains pictures with consecutive picture num- 
bers starting from picture number 600 and ending at 
picture number 899, while a GOP in scene S1 may con- 

10 tain pictures with consecutive picture numbers from 750 
to 779 as shown in (f) of FIG. 13. Additionally, scene Si 
of (a) in FIG. 13 comprises 10 areas, area E0 through 
area E9, each having a length LEN equal to 30 fields 
and entries are prepared for the respective areas E0 

75 through E9, so that a table with a necessary minimal 
size is formed by these entries. 

[0118] More specifically, the table with a necessary 
minimal size that corresponds to scene S1 of (a) in FIG. 
13 contains a value of 899 for the latest recorded picture 
20 number EFN of the disk, which is followed by address 
values of 10 through 19 for the respective entries for 
areas E0 through E9 of scene S1, 1 for the scene 
number SN of scene S1 where areas E0 through E9 are 
found, values of 600, 630, 660, .... 870 for the starting 
25 picture numbers SFNs of the respective areas E0 
through E9, 30 for the length of each of areas E0 
through E9 (or the ending picture numbers 629. 659. 
689 899 of the respective areas E0 through E9). val- 
ues of 10, 10, 11, .... 18 for the respective preceding 

30 entry addresses and values of 1 1 . 1 2, 1 3 1 9 for the 

respective succeeding entry addresses. 
[0119] Then, after conducting an editing session on 
scene S1 as shown in (a) of FIG. 13 on the basis of the 
table of (e) in FIG. 13, scene S1 is obtained by combin- 
es ing (COM) a first area containing pictures with picture 
numbers 600 through 765, a second area containing 
pictures with picture numbers 900 through 920 and a 
third area containing pictures with picture numbers 780 
through 899 as shown in (b) of FIG. 13. In FIG. 13. (e) 
40 shows a table that can be used for such an editing ses- 
sion. 

[0120] The table of (e) in FIG. 13 indicates the 
sequence of editing operations, where symbol DIV 
denotes a scene dividing operation and symbol ERA 

45 denotes a scene erasing operation, while symbol ADD 
denotes a scene adding operation and symbol MOV 
denotes a scene moving operation. 
[0121] Referring now to the table of (e) in FIG. 13, in 
the first editing operation, a GOP containing pictures 

so with picture numbers 750 through 779 is divided (DIV) 
into an area containing pictures with picture numbers 
750 through 765 and another area containing pictures 
with picture numbers 766 through 779. 
[01 22] Then, in the second editing operation, the area 

55 with picture numbers 766 through 779 obtained by the 
first editing operation, which is a scene dividing opera- 
tion, will be erased (ERA). 

[0123] Subsequently, in the third editing operation, an 
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area containing pictures with picture numbers 900 
through 929 will be added (ADD) to the area containing 
pictures with picture numbers 780 through 899 that is 
left unerased after the second editing operation, which 
is a scene erasing operation. 5 
[0124] Thereafter, in the fourth editing operation, the 
area of pictures with picture numbers 900 through 929 
added to the tail end of the area of pictures with picture 
numbers 780 through 899 will be divided (DIV) into an 
area of pictures with picture numbers 900 through 920 10 
and another area of pictures with picture numbers 921 
through 929. 

[0125] In the fifth editing operation, the area with pic- 
ture numbers 921 through 929 obtained by the fourth 
editing operation, which is a scene dividing operation, is 
will be erased (ERA). 

[0126] Then, in the sixth editing operation, the area 
with picture numbers 900 through 929 that is left 
unerased after the fifth editing operation, which is a 
scene erasing operation, is moved (MOV) between the 20 
area with picture numbers 750 through 765 and the 
area with picture numbers 780 through 899. 
[0127] Finally, in the seventh editing operation, the 
area of pictures with the first picture number 600 of 
scene S1 through the picture number of 765 left 25 
unerased after the second editing operation, the area of 
pictures with picture numbers 900 through 920 that pre- 
cedes the area erased by the fifth editing operation and 
the area of pictures with the picture number of 780 suc- 
ceeding the area erased in the second editing operation 30 
through the last picture number 899 of scene Si in (a) 
of FIG. 13 are combined (COM) to produce new scene 
S1. 

[0128] Then, a table containing entries that corre- 
spond respectively to areas E10 through E22 as shown 35 
in (d) of FIG. 13 is prepared as table with the necessary 
minimal size for the combined scene Si shown in (b) of 
FIG. 13. 

[0129] More specifically, the table with necessary min- 
imal size that is shown in (d) of FIG. 1 3 and corresponds 40 
to the combined scene S1 of (b) in FIG. 13 contains a 
value of 929 for the latest recorded picture number EFN 
of the disk, which is followed by address values of 1 0 
through 22 for the respective entries for areas E10 
through E22 of the combined scene S1 , 1 for the scene 45 
number SN of scene S1 where areas E10 through E22 

are found, values of 600, 630, 660 750, 780, 810, 

840, 870, 766, 900. 921 for the starting picture numbers 
SFNs of the respective areas E10 through E22, values 

of 30, 30, 30 16. 30, 30, 30. 30. 14. 21. 9 for the so 

length of each of areas E10 through E1 1 (or the ending 

picture numbers 629, 659. 689 765. 809. 839. 869, 

899, 779. 920. 929 of the respective areas E10 through 

E22), values of 10. 10. 11 14,21. 16. 18. 15forthe 

respective preceding entry addresses and values of 1 1 . ss 
12, 13 21, 17, 18, 19. 19. 16 for the respective suc- 
ceeding entry addresses. 

[01 30] For executing an editing operation as illustrated 



in FIG. 1 3 on an optical disk apparatus as shown in FIG. 
1 , the system controller 13 updates the data base file for 
editing operations in a manner as indicated by the flow 
chart of FIG. 14. 

[0131] Firstly, in step st31 of FIG. 14, the system con- 
troller 13 divides the single GOP containing pictures 
with picture numbers FN 750 through 779 and having a 
length LEN of 30 into area E15 containing pictures with 
picture numbers FN 750 through 765 and having a 
length LEN of 16 and area E20 containing pictures with 
picture numbers FN 766 through 779 and having a 
length LEN of 14 according to the editing table as 
shown in (e) of FIG. 13. Then, the system controller 13 
writes down the value of 16 of the succeeding entry 
address of the entry for area E1 5 as the succeeding 
entry address of the entry for area E20, the value of 15 
as the preceding entry address in the entry for area E20 
and the value of 20 as the succeeding entry address of 
the entry for area E15. 

[0132] Then, in step st32 t the system controller 13 
erases area E20 of pictures with picture numbers FN 
766 through 779 and hence the entry for area E20. At 
this time, the system controller 13 replaces the suc- 
ceeding entry address of the entry that specifies the 
entry of area E20 as the succeeding entry address with 
the succeeding entry address of the entry of area E20 
and also the preceding entry address of the entry that 
specifies the entry of area E20 as the preceding entry 
address with the preceding entry address of the entry of 
area E20. 

[01 33] Subsequently, in step st33, the system control- 
ler 13 adds area E21 containing pictures with picture 
numbers FN 900 through 929 and having a length of 30 
directly to the tail end of scene S1 according to the edit- 
ing table as shown in (e) of FIG. 1 3. At this time, the sys- 
tem controller 13 prepares the entry of area E21 and 
modifies the succeeding entry address of the entry of 
area E19to21. 

[0134] Then, in step st34, the system controller 13 
divides the area containing pictures with picture num- 
bers FN 900 through 929 and having a length LEN of 30 
into area E21 containing pictures with picture numbers 
FN 900 through 920 and having a length LEN of 21 and 
area E22 containing pictures with picture numbers FN 
921 through 929 and having a length LEN of 9 accord- 
ing to the editing table as shown in (e) of FIG. 13. Then, 
the system controller 1 3 writes down the value of 22 for 
the succeeding entry address of the entry for area E22, 
the value of21 for the preceding entry address of the 
entry for area E22 and the value of22 for the succeeding 
entry address of the entry for area E21 . 
[0135] Then, in step st35, the system controller 13 
erases area E22 of pictures with picture numbers FN 
921 through 929 and hence the entry for area E22 
according to the editing table as shown in (e) of FIG. 13. 
At this time, the system controller 13 replaces the suc- 
ceeding entry address of the entry that specifies the 
entry of area E22 as the succeeding entry address with 
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the succeeding entry address of the entry of area E21 
[0136] Thereafter, in step st36, the system controller 
13 inserts area E21 of pictures with picture numbers FN 
900 through 920 to the tail end of area E1 5 according to 
the editing table as shown in (e) of FIG. 13. At this time, 
the system controller 13 modifies the succeeding entry 
address of the entry of area E22 to the succeeding entry 
address of the entry of area E15, the succeeding entry 
address of the entry of E15 to point to the entry of area 
E21 and the preceding entry address of area E21 to 
point to the entry of area E15. Additionally, the system 
controller 13 modifies the succeeding entry address of 
the entry of area E19 referring to the entry of area E15 
for the succeeding entry address to point to the entry of 
area E19. 

[0137] Then, in step st37, the system controller 13 
combines the area of pictures with the first picture num- 
bers FN 600 through 765, the area of pictures with pic- 
ture numbers FN 900 through 920 and the area of 
pictures with the picture number FN 780 through 899 
according to the table shown in (e) of FIG. 1 3 to produce 
new scene S1 . 

[0138] Namely, the system controller 13 modifies the 
entries as described above in response to the editing 
operation on the part of the user and then reads out the 
contents of the table containing the modified entries 
from the RAM 24 and cause them to be recorded on a 
predetermined region of the optical disk 1 (e.g.. ""VOL- 
UME. TOC"" or some other desired region). Therefore, 
for any subsequent data reproducing operation, the 
above table will be reproduced and the system control- 
ler 13 can control the pictures according to the contents 
of the table and reproduce the edited signals obtained 
by the above editing operation. 

[0139] While it may be conceivable that an entry is 
preferably assigned to each and every I -picture and P- 
picture for smooth searching operations, more research 
efforts will be required to find out a mode of operation 
that is most suited for searching operations. 
[0140] Now, the rule of generating time codes will be 
discussed below. 

[0141] As described above, the picture numbers 
uniquely allocated to pictures on a disk media for the 
purpose of identification will end up as randomly 
arranged numbers after editing sessions. While this 
may not arise any problem for editing operations, such 
randomly arranged numbers are not convenient for the 
user who may want to identify particular pictures by 
means of ID codes of a sort or another. 
[0142] Then, there arises a need for the system to 
convert the picture numbers into time codes of the type 
that haven been used on the conventional tape media. 
The time codes should be visible to the user so that the 
latter may easily find out the duration of time of picture 
reproduction and the remaining time that can be used 
for reproducing picture frames. It is also be necessary 
for the user to somehow see picture numbers for editing 
operations. 



[01 43] According to the invention, time codes are allo- 
cated according to the sequence of reproduction within 
a scene and through time codes will be allocated to a 
plurality of scenes also according to the sequence of 

5 reproduction of the scenes. 

[0144] There should be an established rule for the 
allocation of through time codes when there are a plu- 
rality of scenes that can be reproduced. Assume, for 
example, there are available a basic reproduction mode 

10 adapted to reproduce all the scenes with a given 
sequence when no particular sequence is specified and 
a programmed reproduction mode adapted tor the user 
to specify a particular sequence of reproduction. Then, 
the through time codes used for the basic reproduction 

is mode may have to be processed in some way or other 
for the programmed reproduction mode. 
[0145] A feasible processing technique may be that 
only the scenes selected by the user will be reproduced 
in the programmed reproduction mode and incremental 

20 through time code system will be utilized to allocate 
unique time codes respectively to all the frames of dif- 
ferent scenes arranged in ascending order. 
[01 46] FIG. 1 5 schematically illustrate how time codes 
can be allocated in such a basic reproduction mode. In 

25 this example, each through time code is obtained by 
incrementing by one the time code of the immediately 
preceding frame of scenes that are arranged in ascend- 
ing order of the scene numbers in view of that the 
through time codes may be used for a programmed 

30 reproduction mode. Referring to FIG. 15, there are 
shown a total of four scenes, scene S1 through scene 
S4, of which scene S1 carries time codes 00:00 through 
10:00 and scene S2 has time codes 00:00 through 
05:25, whereas scene S3 has time codes 00:00 through 

35 02:29 and scene S4 carries time codes 00:00 through 
01 :00. Then, the through time codes will be incremental 
and the through time code of a particular frame can be 
obtained by incrementing by 1 the time code of the 
immediately preceding frame throughout scenes S1 

40 through S4 arranged in ascending order. Thus, the 
through time codes for scene S1 will be 00:00 through 
10:00 and those for scene S2 will be 10:01 through 
15:29, while those for scene S3 will be 16:00 through 
18:29 and those for scene S4 will be 19:00 through 

45 20:00. 

[0147] Additionally, time codes are allocated accord- 
ing to the sequence of the frames to be reproduced and 
subjected to a so-called non-drop frame system in each 
scene. With a so-called drop frame system, time codes 

so have to be reallocated to all the frames according to the 
rule of the drop frame system each time a scene is 
divided or scenes are combined together. With a non- 
drop frame system, on the other hand, a through time 
code can be obtained for each frame of each scene by 

55 adding a predetermined offset value to the time code of 
the frame within the scene. 

[0148] Scenes are rearranged in any desired order in 
a programmed reproduction mode. In order for the 
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incremental through time codes not to show any dis- 
crepancies in the programmed reproduction mode, they 
should be allocated according to the non-drop frame 
system. 

[0149] Still additionally, the through time code system s 
should be adapted to so-called 2-3 pull-down process- 
ing. Then, it will be safe for time codes to be displayed 
by counting the number of decoded pictures. FIG. 16 is 
a schematic illustration showing the relationship 
between frames and fields in 2-3 (3-2) pull-down 10 
processing. The 2-3 pull-down processing is a tech- 
nique to be used for dividing pictures with a frequency of 
24Hz, typically those of a cinema film, as shown in (a) of 
FIG. 16 into top fields and bottom fields with a frequency 
of 60 Hz and a combination of a top field and a bottom is 
field and that of two top fields and a bottom field or a top 
field and two bottom fields are alternately used for the 
respective frames of the film as shown in (b) of FIG. 16. 
With the 2-3 (or 3-2) pull-down processing, the picture 
count and the picture per se should be displayed in a 20 
synchronized fashion. 

[0150] To select an editing point on an image source 
that is to be subjected to 2-3 pull-down processing, it 
should be driven to move slowly so that the editor can 
view it on a frame by frame basis. For example, assume ss 
that an in-point is selected for an editing operation as 
shown in FIG. 17, which is similar to FIG. 16. Then, a 
frame can be formed by a top field and a bottom field 
that are combined in such a way that contradicts the 
rule of 2-3 pull-down processing so that both the top 30 
field and the bottom field override respective two frames 
in the original image source having the frequency of 
24Hzz. Since such frames by turn give rise to a field 
error at the time of the editing operation, the user should 
be prevented from specifying such frames for the editing 35 
operation. 

[0151] This problem can be bypassed by sequentially 
showing frames that are arranged with the frequency of 
24 frames/second according to the original sequence 
when they are viewed on a frame by frame basis as 40 
shown in FIG. 18, which is similar to FIG. 16. Then, the 
continuity of frames should be maintained when select- 
ing in-points and out-points and also after the editing 
operation is over. This can be done by reducing the 
repeat_first_field of MPEG in the frame preceding that 45 
of an in-point to equal to 1 and repeating this operation 
for another field as shown in FIG. 19. Then, the field 
arrangement does not have to be changed after the 
editing point so that the modifying operation can be min- 
imized, so 
[0152] When reproducing a scene (cut) from the head 
thereof, the time code of any picture of the scene can be 
determined by counting the number of the decoded pic- 
tures. However, when a scene is reproduced from a pic- 
ture somewhere on the way, the time code of the head ss 
of the scene cannot be known. Then, picture numbers 
have to be referred to. When reproducing a scene from 
a picture at some point on the way, the picture number 



corresponding to the time of the start of the reproduc- 
tion and the number of pictures from the head to the 
point of starting the reproduction are counted to deter- 
mine the time code of the head of the scene. Then, the 
picture number is converted into the sector number 
where the picture is recorded (a table will be required for 
a lower layer to do this conversion) and the sector is 
accessed. 

[0153] For handling an image source obtained by an 
operation of 2-3 pull-down processing in a manner as 
described above, picture numbers will be allocated in 
terms of 24Hz and not 30Hz. While picture numbers are 
allocated for every cycle of 30Hz in the case of ordinary 
video signals, picture numbers should be allocated for 
every cycle of 24Hz for an image source obtained from 
a cinema f flm. Otherwise, the above described mode of 
editing operations and data base files are applicable to 
such image sources. 

[01 54] Thus, in the case of an image source obtained 
as a result of an operation of 2-3 pull-down processing, 
the input video signal will be checked to find out if it has 
been subjected to 2-3 pull -down processing or not by 
the 2-3 pull-down detection circuit 15 of FIG. 1. When 
the input video signal is a digital signal, whether the sig- 
nal has been subjected to 2-3 pull-down processing or 
not can be found by seeing the flag added to the digital 
signal. In the case of a digital video signal, a flag indicat- 
ing that it is produced from a 30Hz source or from a 
24Hz source is added to the video signal so that the 
encoder 10 can determine if picture numbers are to be 
allocated on the basis of 30Hz or 24Hz by seeing the 
flag. In the case of an analog video signal, the MPEG 
encoder 1 0 determines if picture numbers are to be allo- 
cated on the basis of 30Hz or 24Hz by seeing the differ- 
ence between the top field and the bottom field. 
Finally, a technique that can be used for allocating time 
codes for reproducing pointers will be discussed below. 
[0155] In a pointer reproduction mode where parts of 
cuts recorded on a disk media are gathered and repro- 
duced, only a single type of time codes will be used and 
newly allocated. More specifically, several cuts will be 
gathered into a single cut (which is referred to as pointer 
reproduction program) and through time codes will be 
allocated to it. The time codes in each cut will be same 
as the original time codes used for it. Then, time codes 
can show discontinuities but they are necessary to know 
what part of the original cut is being reproduced cur- 
rently. Thus, in the case of a pointer reproduction (pro- 
grammed reproduction) mode, two different sets of time 
codes are desirably used so that the user can switch 
from one to the other whenever necessary. 
[0156] As described above in detail, according to the 
invention, it is now possible to record a picture 
sequence in a manner that allow picture management 
and time code allocation to be realized accurately and 
reliably when editing a picture sequence by utilizing 
techniques such as cutting out (or erasing) a scene, 
inserting a scene (in the proper sense of the word) with- 
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out overlaying the picture sequence with a scene and/or 
moving part of the picture sequence. 

Claims 

5 

1. A method for recording a picture sequence on a 
disk-shaped recording medium at least on a picture 
by picture basis, characterized by comprising steps 
of: 

10 

allocating unique numbers to the pictures on 
the disk-shaped recording medium for one-to- 
one correspondence; 

providing a file of editing information apart from 
the physical addresses of the substantive data is 
on the disk-shaped recording medium; 
editing the picture sequence by managing the 
numbers allocated to the respective pictures for 
one-to-one correspondence; and 
recording the file of editing information on the 20 
disk-shaped recording medium. 

2. A method for recording a picture sequence on a 
disk-shaped recording medium according to claim 

1 . characterized in that: 25 

said unique numbers allocated to the pictures 
are different from time codes. 

3. A method for recording a picture sequence on a 30 
disk-shaped recording medium according to claim 

2, characterized in that: 

when recording pictures compression coded 
according to a predetermined image compres- 35 
sion coding standard, said time codes are gen- 
erated by counting the pictures expansion 
decoded to counter said predetermined image 
compression coding. 

40 

4. A method for recording a picture sequence on a 
disk-shaped recording medium according to claim 
1 , characterized in that: 

for a picture stream subjected to 2-3 pull-down 45 
processing of converting pictures with a frame 
frequency of 24Hz into pictures with a field fre- 
quency of 60Hz, said frame frequency is used 
to manage the unique numbers allocated to 
said pictures on the basis of 24Hz. so 

5. An apparatus for recording a picture sequence on a 
disk-shaped recording medium at least on a picture 
by picture basis, characterized by comprising: 

55 

a number allocation means for allocating 
unique numbers to the pictures of the disk- 
shaped recording medium for one-to-one cor- 



respondence; and 

a file management means for managing a file 
of editing information apart from the physical 
addresses of the substantive data on the disk- 
shaped recording medium; 
the picture sequence being edited by manag- 
ing the numbers allocated to the respective pic- 
tures for one-to-one correspondence, the file of 
editing information being recorded on the disk- 
shaped recording medium. 

6. An apparatus for recording a picture sequence on a 
disk-shaped recording medium according to claim 

5, characterized in that 

said unique numbers allocated to the pictures 
are different from time codes. 

7. An apparatus for recording a picture sequence on a 
disk-shaped recording medium according to claim 

6, characterized in that 

when recording pictures compression coded 
according to a predetermined image compres- 
sion coding standard, said time codes are gen- 
erated by counting the pictures expansion 
decoded to counter said predetermined image 
compression coding. 

8. An apparatus for recording a picture sequence on a 
disk-shaped recording medium according to claim 
5, characterized in that 

for a picture stream subjected to 2-3 pull-down 
processing of converting pictures with a frame 
frequency of 24Hz into pictures with a field fre- 
quency of 60Hz, said frame frequency is used 
to manage the unique numbers allocated to 
said pictures on the basis of 24Hz. 

9. A method for reproducing a picture sequence 
recorded on a disk-shaped recording medium at 
least on a picture by picture basis, characterized by 
comprising steps of: 

reading out a file of editing information from the 
disk-shaped recording medium apart from the 
physical addresses of the substantive data on 
the disk-shaped recording medium; and 
reproducing, at least partly, the pictures having 
respective unique numbers allocated thereto 
for one-to-one correspondence and managed 
by using the file of editing information on the 
basis of the file of editing information. 

10. A method for reproducing a picture sequence 
recorded on a disk-shaped recording medium 
according to claim 9, characterized in that 
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said unique numbers allocated to the pictures 
are different from time codes. 

11. A method for reproducing a picture sequence 
recorded on a disk-shaped recording medium s 
according to claim 10, characterized in that 

when recording pictures compression coded 
according to a predetermined image compres- 
sion coding standard, said time codes are gen- io 
erated by counting the pictures expansion 
decoded to counter said predetermined image 
compression coding. 

12. A method for reproducing a picture sequence is 
recorded on a disk-shaped recording medium 
according to claim 9, characterized in that 

for a picture stream subjected to 2-3 pull-down 
processing of converting pictures with a frame 20 
frequency of 24Hz into pictures with a field fre- 
quency of 60Hz, said frame frequency is used 
to manage the unique numbers allocated to 
said pictures on the basis of 24 Hz. 

25 

13. An apparatus for reproducing a picture sequence 
recorded on a disk-shaped recording medium at 
least on a picture by picture basis, characterized by 
comprising: 

30 

a file reading means for reading out a file of 
editing information from the disk-shaped 
recording medium apart from the physical 
addresses of the substantive data on the disk- 
shaped recording medium; and 35 
a reproduction control means for reproducing, 
at least partly, the pictures having respective 
unique numbers allocated thereto for one-to- 
one correspondence and managed by using 
the file of editing information on the basis of the 40 
file of editing information. 

14. An apparatus for reproducing a picture sequence 
recorded on a disk-shaped recording medium 
according to claim 13, characterized in that: 45 

said unique numbers allocated to the pictures 
are different from time codes. 

15. An apparatus for reproducing a picture sequence so 
recorded on a disk-shaped recording medium 
according to claim 14, characterized in that: 



compression coding. 

16. A method for reproducing a picture sequence 
recorded on a disk-shaped recording medium 
according to claim 13, characterized in that: 

for a picture stream subjected to 2-3 pull-down 
processing of converting pictures with a frame fre- 
quency of 24Hz into pictures with a field frequency 
of 60Hz, said frame frequency is used to manage 
the unique numbers allocated to said pictures on 
the basis of 24Hz. 

17. A disk-shaped recording medium for recording a 
picture sequence at least on a picture by picture 
basis, characterized by: 

allocating unique numbers to the pictures on 
the disk-shaped recording medium for one-to- 
one correspondence; 

providing a file of editing information apart from 
the physical addresses of the substantive data 
on the disk-shaped recording medium; and 
recording video signals edited by managing the 
unique numbers allocated to said pictures on 
said file of editing information along with said 
file of editing information. 

18. A recording medium according to claim 17, charac- 
terized in that: 

said unique numbers allocated to the pictures 
are different from time codes. 



when recording pictures compression coded 
according to a predetermined image compres- 55 
sion coding standard, said time codes are gen- 
erated by counting the pictures expansion 
decoded to counter said predetermined image 
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